Background: It is still common practice to rely mostly on drug treatment for preventing cardiovascular disease, although a healthy nutrition has been defined that may prevent most premature cardiovascular events. Objectives: This research raises the question of the magnitude of the effect of nutrition on cardiovascular disease independent of that of clinical risk factors, which are the targets of drug therapy. Design: The study of coronary risk factors for atherosclerosis in women compares clinical, biochemical, and lifestyle factors in 200 consecutive pre-and postmenopausal women with incident coronary heart disease (CHD) to those in 255 age-matched population-based controls. Results: Cases reported a higher intake of energy, predominantly through animal fat and protein reflected by a higher consumption of meat and sausage, while controls ate more fruit and vegetables. Multivariate analysis adjusted for clinical risk factors depicted a high intake of meat and sausage and a low consumption of fruit and vegetables as independent risk factors with an odds ratio of 2.5 (95% confidence interval 1.1-5.7) and 0.7 (95% confidence interval 0.5-1.0) for each 100 g per day, respectively. These dietary factors were found to be significantly more pronounced in cases with any clinical risk factor identified in this population as compared to controls with the same risk factors. Conclusions: The CORA-study clearly indicates a major impact of dietary habits on CHD in women independent of, and additive to, that of conventional risk factors. Thus, in clinical practice, the potential of nutrition as part of a healthy lifestyle is commonly greatly underestimated in favour of drug treatment. Sponsorship: German Stifterverband für die Wissenschaft.
Introduction
Extensive research during recent decades has established an inappropriate lifestyle including nutrition among other factors like smoking, physical activity, or psychosocial stress as the major cause of the epidemic occurrence of atherosclerotic cardiovascular disease in Western countries (McGee et al, 1984; Kushi et al, 1985; Kromhout et al, 1995) . Thus, coronary heart disease (CHD) might be largely preventable by an appropriate lifestyle as defined in great detail while it is common to attempt to modify the risk by drug treatment Stampfer et al, 2000; Hu & Willett, 2002) . Generally, it is believed that nutrition acts on cardiovascular disease through the development of clinical risk factors, particularly the metabolic syndrome. This concept implies that improvement of risk factors may entirely or at least largely compensate for an inadequate lifestyle. However, the limited success of this approach raises the question of how much nutrition and physical activity may have an independent effect on cardiovascular disease.
The coronary risk factors for atherosclerosis in women (CORA) study was initiated to elucidate the impact of nutrition vs classical risk factors on the manifestation of CHD in order to provide a basis for improved preventive measures. These issues were addressed in women, since CHD and stroke have become the leading causes of morbidity and mortality in both sexes, but risk factors are less well characterised for women than men (Chambless et al, 1997) . In this investigation, it is specifically attempted to estimate the impact of nutrition on cardiovascular disease independent and over and above that of the clinical risk factors.
Methods

Study design and recruitment procedures
From November 1997 to March 2001, 200 consecutive women aged 30-80 y were recruited, who had been admitted with incident CHD to the Department of Internal Medicine. This department serves the catchment area of the University Hospital Hamburg-Eppendorf as primary treatment facility for this disease. The principal inclusion criterion was a first manifestation of CHD 122, 124, 125) , that is, first acute myocardial infarction or first episode of angina or other symptoms suggesting CHD. Cases were identified 7 days a week to ensure complete inclusion and to prevent selection bias.
Patients with cancer, severe chronic disease, previous CHD diagnosis or dietary advice regarding CHD, or CHD not verified by angiography were excluded. The participation rate of eligible patients was 100%. For each case, two controls were invited through the population registry. If both controls were not eligible because they were deceased, had moved or met the exclusion criteria, another control was invited. Of 379 eligible controls, 124 (33%) did not participate for various reasons, and 255 (67%) controls were included. To avoid a healthy volunteer effect, visits at home were offered and frequently used. The study protocol was approved by the ethical committee of Hamburg.
Data collection
All interviews and physical examinations were performed by the same trained investigator. An extensively evaluated, slightly adapted selfadministered questionnaire recorded the frequency and portion size of 146 food items eaten during the preceding year (Boeing et al, 1997; Bohlscheid et al, 1997a, b; Boeing et al, 1999; Kroke et al, 1999) . Alcohol intake was calculated from the individual portion size and frequency of the consumption of various alcoholic beverages. Physical activity was estimated from the kind, time and frequency of sports in summer and winter and physical activity during leisure time, in the household and occupation. A fasting blood sample was collected on admission as soon as possible, and in women with acute myocardial infarction within at least 24 h. Routine laboratory parameters were determined by standard techniques. Lowdensity lipoprotein (LDL)-cholesterol was calculated using the Friedewald formula.
Type II diabetes mellitus, was defined by oral antidiabetic medication or a history of diabetes. Subjects with a homeostasis model assessment (HOMA) insulin resistance score Z3.8 (the lower limit of the upper quartile of a European population) but no history of diabetes were categorised as insulin resistant (Matthews et al, 1985; Marques-Vidal et al, 2002) . Hypertension was defined as either taking antihypertensive drugs or having a systolic blood pressure Z140 mmHg or a diastolic blood pressure of Z90 mmHg (Chobanian et al, 2003) . The results of the second and third measurements taken in a sitting position three times after the interviews were averaged (Schulze et al, 2002) . Smokers were defined as current cigarette smokers and former smokers who stopped smoking within the last 2 y, since 63% who reported to have stopped smoking actually had quit less than 1 month ago and much of the coronary risk attributable to smoking disappears gradually within 2 y of quitting (Rosenberg et al, 1990; Rich-Ewards et al, 1995) .
Weight was measured in kilograms to the nearest 0.5 kg. Waist measurement was taken at the smallest circumference between the lower rib margin and iliac crest, and the hip circumference was determined over the greater trochanters. Central adiposity was defined by a waist-to-hip ratio (WHR) Z0.85 (Molarius et al, 1999) . The definition of the metabolic syndrome was adapted to the criteria of the World Health Organisation and comprised type II diabetes or insulin resistance and two of the following factors: hypertension, a high-density lipoprotein (HDL)-cholesterol r1.3 mmol/l (50 mg/dl), a BMI 430 kg/m 2 or a WHR Z0.85. Women were defined as postmenopausal if they had no regular monthly period for more than 1 y or were on hormone replacement therapy.
Statistical analysis
The baseline characteristics of the participants were analysed by univariate w 2 test or Wilcoxon's test, as appropriate. To estimate relative risks, factors statistically significantly different at the 5% level in cases and controls by univariate analyses were entered into logistic regression analysis. Estimates of the relative risks derived from logistic regression were given with 95% confidence intervals. Adjustment for age did not affect the results. Multicolliniarity was excluded by testing for correlations between predictors. All statistical evaluations were performed using the SAS Software package, version 8.0.
Results
The basic clinical and dietary characteristics of cases and controls are given in Table 1 . Conventional risk factors including insulin resistance were notably more prevalent in cases, who also had signs of central obesity and much more often a metabolic syndrome. Cases consumed more protein, fat and carbohydrates than controls, resulting in a higher intake of total energy. Controls consumed significantly more alcoholic beverages, primarily wine, though in moderate quantities. The higher intake of animal fat and animal protein in the case group was reflected by a materially higher consumption of meat and sausage. In contrast, the daily consumption of fruit and vegetables especially as raw vegetables (eg salad) was much higher in the controls.
Subgroups defined by the classical risk factors were analysed with regard to their dietary habits. In each category cases had a higher intake of energy and fat than controls with the same risk factor (Table 2 ). In terms of major food groups identified to distinguish cases and controls, cases were characterised by a higher intake of meat and sausage, but a lower consumption of fruit and vegetables in addition to the respective risk factor (Figure 1) . Notably, smoking cases followed a remarkably unhealthy diet. Similarly cases Figure 1 Mean intake of meat and sausage (a) or fruit and vegetables (b) by cases and controls with the defined risk factor. Pvalues indicate significant differences between cases and controls.
with a family history of CHD differed significantly in their diet from the corresponding controls.
In a multivariate analysis, the three major parameters of nutrition were significantly related to the risk of CHD with substantial estimated relative risks (Table 3 ). All three parameters remained significantly independent after including factors constituting the metabolic syndrome and lipoprotein(a), a primarily genetically determined variable (Table 3) . Most of the risk reduction of ca. 30% per 100 g per day of fruit and vegetables was preserved. The exceptionally high hazard ratio of meat and sausage of more than 4.0 declined to 2.5, indicating a substantial contribution of this food group to the development of the classical risk factors. However, an intake of 100 g per day still conveys an additional independent increase in cardiovascular risk by 150%. In contrast, most of the effect of alcohol is mediated by other factors associated or causally related to the intake, while the independent effect on risk reduction is small.
Discussion
This analysis of the CORA study focuses on nutrition as one among several lifestyle factors like physical activity, smoking, or psychosocial stress that affect the incidence of cardiovascular disease. A principle finding of the CORA study is the powerful relationship of nutrition with risk of CHD: the data clearly indicate an effect of nutrition beyond the classical risk factors. Even the risk in women who smoke is considerably accentuated by an unfavourable diet. In addition, nutrition certainly plays a major role in the development of most conventional risk factors. No case was identified without at least one major risk factor and more than half of the women with CHD were affected by the metabolic syndrome, which is believed to be largely the result of a Western lifestyle. The impact of nutrition on cardiovascular risk is certainly not adequately acknowledged in current clinical practice.
The strong effect, particularly of meat and sausage and fruit and vegetables, was independent of anthropometric parameters and conventional risk factors such as smoking, hypertension, diabetes, dyslipidaemia, family history of CHD, or lower educational status (data not shown). Strikingly, an additive effect of nutrition was found for every risk factor identified, whether or not nutrition related, or a matter of lifestyle like smoking, or even largely genetically determined as by family history. There was even a grading of the intake of meat and sausage for nutrition-dependent risk factors like hypertension or diabetes (Figure 2) . Thus, healthy controls had the lowest intake of meat and sausage, while controls with that risk factor had a higher intake, and cases with that risk factor had an even higher intake. A similar, but inverse relation applies to fruit and vegetables. Certainly, when appreciating the strength of the impact of nutrition, the limitations of a case-control study should be borne in mind. Since the participation rate of controls is usually less than 100%, a certain healthy volunteer effect cannot be excluded, even if we have tried to minimise this by a personal contact to eligible persons and the offer of a visit at home, which has been frequently used.
Food group analysis is more meaningful than a single nutrient approach, as it reflects complex daily nutrition. Figure 2 Mean intake of meat and sausage (each left column) or fruit and vegetables (each right column) in three categories each: normotensive controls, hypertensive controls, and hypertensive cases, or normoglycemic controls, controls with diabetes or insulin resistance (HOMA score Z3.8), and cases with diabetes or insulin resistance. P-values indicate significant differences between these categories for intake of fruit and vegetables (top), and meat and sausage (bottom).
Consuming meat and sausage increases the intake of energy, animal protein, fat, saturated fatty acids, and cholesterol, whereas the intake of fruit and vegetables is associated with higher intake of carbohydrates and fibre, and both contain a range of different micronutrients. Moreover, such food groups are associated with the consumption of additional items, for example, meat often comes with gravy and side dishes like chips. Therefore in multivariate analyses, the major food groups of meat and sausage, fruit and vegetables, and alcoholic beverages were used as surrogates, which reflect entire dietary patterns that distinguish cases and controls in univariate analyses.
Consequently, from this study it is not possible to identify the crucial components responsible for the development of atherosclerosis, which may be any constituent of the food groups or any nutrient normally accompanying the consumption of these food stuffs (Robins & Greenland, 1992; Watts et al, 1994) . Also, food-frequency is a method to detect differences between cases and controls, but not to estimate absolute amounts of energy, for example. One limitation of this case-control study is the retrospective analysis of nutrition and lifestyle for only 1 y. For example, the lifetime effect of milk products, the major source of energy in Germany, may be underestimated, since the intake declines with age. For similar reasons, vigorous physical activity may have not emerged as an independent risk factor in this study, despite significant differences in univariate analysis and ample contrary evidence from the literature. Undoubtedly physical activity is a valuable measure in preventive medicine. Other nutrients like fish could not be adequately evaluated since their intake was too low in our study-population. On the other hand, cohort studies prospectively measure the impact of lifestyle early in life, if the data are collected long before the event. Data from the CORA study may, therefore, provide information more closely related to CHD at the time of its manifestation. Thus, the results of both case-control and cohort studies, will add to our understanding of CHD in their own right.
Contrary to common belief, in this study smoking was not an independent risk factor in a multivariate analysis comprising intake of meat and sausage, fruit and vegetables, alcohol, physical activity, and school education (data not shown). Particularly in patients less than 60 y, the rate of smoking among controls was nearly as high as that among cases. However, smoking cases were several times more often affected by risk factors such as hypertension, the metabolic syndrome, or elevated lipoprotein(a) concentrations. As shown in this analysis, smoking cases had, in addition, more unhealthy dietary habits as compared to nonsmoking cases, while smoking controls were strikingly similar in their nutrition to nonsmoking controls (data not shown). This is in line with the experience from many countries like some in Asia with a low prevalence of CHD despite a high rate of smokers, while in countries with a Western lifestyle, smoking is a threat to the heart. The high rates of hypertension, insulin resistance and type II diabetes are in agreement with recent population-based data from Germany (Rathmann et al, 2003) . The definite impact of insulin resistance on CHD fits the results of a number of studies (Genuth et al, 2003) . Interestingly, in the CORA study hypertension was a risk factor for CHD independent of insulin resistance as the central criterion of the metabolic syndrome. However, hypertensive cases also adhered to an unhealthy diet as compared to hypertensive controls, indicating a crucial role of the diet in addition to the blood pressure. This observation is in agreement with countries with a different diet such as Japan, where the metabolic syndrome is rare, but hypertension is prevalent and has no notable effect on the incidence of CHD. Also, intervention trials show the limited effect of antihypertensive drugs on CHD (Collins et al, 1990) .
In line with these considerations, the independent effect of diet in addition to the classical risk factors should also be taken into account in the context of the treatment of dyslipidaemia, particularly low HDL-cholesterol. A vegetarian diet may even increase the HDL-cholesterol (Hoffmann et al, 2001 ). In contrast to prospective studies, but in line with data obtained at the age of the manifestation of CHD, in the CORA study, LDL-cholesterol did not differ between cases and controls. Several mechanisms mitigate the predictive power of LDL-cholesterol with age (Wilson & Kannel, 1993; Corti et al, 1995; Assmann et al, 1996) . Acute myocardial infarction may lower cholesterol, but the results were no different when those patients were excluded from the calculations. However, incipient heart disease itself may reduce cholesterol levels. Clearly, the proportion of participants treated with lipid lowering drugs was higher among cases than controls (36.5 vs 9.8%; Po0.0001). Still, the LDLcholesterol was elevated in most women of the CORA population. Interestingly, lipoprotein(a) was a strong predictor of cardiovascular risk. Notably, it is the only risk factor in the multivariate analysis for which no major influence of lifestyle is known.
The magnitude of the impact of diet on coronary risk is reflected by the high estimated relative risks. All three determinants of dietary intake were highly significant and remained significant besides established risk factors. It is noteworthy, however, that the estimated relative risk for the intake of meat and sausage declined by about two thirds, indicating a major influence on the development of risk factors, while the inverse effect of fruit and vegetables was preserved. Multivariate analysis indicates that,-in addition to the influence of nutrition on the risk factors-for every 100 g consumption of meat and sausage, CHD risk may rise by about 100%, whereas every 100 g fruit and vegetables may convey some 30% decline in risk. These estimates are similar to recent data in men (Table 3) (Panagiotakos et al, 2003) .
The dietary factor that easily finds general attraction is alcohol, which indeed, conveys a major risk reduction among foods. Yet, wine intake may to a large extent reflect a higher socio-economic status with an overall healthy lifestyle (Klatzky, 2001; Mortensen et al, 2001 ). This would be in agreement with the dramatic reduction of the hazard ratio, when clinical risk factors are included in the analysis. Although significant, alcohol does not carry a clinically meaningful impact independent of other risk factors as reflected by the low relative risk. However, much of the effect may still be causally related to alcohol, since alcohol may act through the well-established increase in HDL, the hazard ratio of which is preserved when alcohol is introduced into the analysis.
Certainly, the fact that the impact of diet on CHD goes beyond the effects of classical risk factors underscores the importance of nutrition for preventive and therapeutic strategies in our societies. The data suggest that drug treatment of hypertension, diabetes, or dyslipidaemia cannot replace a healthy lifestyle. Rather, the basis of any intervention should always be a shift from animal foodstuffs to fruit and vegetables as one important component of lifestyle changes.
